Non-uniform responses to Ca2+ along the frog neuromuscular junction: effects on the probability of spontaneous and evoked transmitter release.
Spontaneous and evoked transmitter release activity was studied during selective application of Ca2+ in proximal (near the first contact of the axon on the muscle fiber) and distal regions of the frog neuromuscular junction. A new technique called "Microperfusion" was developed, which allowed us to apply a 30-microns-wide Ca2+ stream from an external pipette. The spread of this Ca2+ stream was monitored by adding Blue Dextran (40 mg/ml) to the Ca2+ solution. Microperfusion with a Ca2(+)-free Ringer containing Blue Dextran did not affect the miniature endplate potential frequency or amplitude. Changes of spontaneous transmitter release were studied either during microperfusion of Ringer containing 5 mM Ca2+ or during microperfusion of 2 mM Ca2+ simultaneously with the stimulation of the motor nerve. This second procedure also permitted study of the characteristics of evoked release. Microperfusion of Ca2+ induced a larger and more rapid increase in the miniature endplate potential frequency in proximal than in distal regions. The time required for the miniature endplate potential frequency to return to the control value after Ca2+ microperfusion was longer than the time needed to increase the frequency and this decay period was longer in the proximal region than in the distal one. Moreover, miniature endplate potentials produced in proximal regions, were typically larger and more variable than those produced in distal regions. In five experiments, the endplate potentials produced by 100-200 pulse pairs (interval of 15 ms at every 2 s) were recorded intracellularly during the microperfusion. The quantal content of the first endplate potential of the pair (EPP1) was systematically smaller in distal regions than in proximal regions. The percentage of failures and the coefficients of variation were higher in distal than in proximal regions, indicating a larger variability of quantal content. The frequency facilitation was not different between the two regions, but, however, the second stimuli of the pair usually produced a net increase of transmitter release which was greater in proximal than distal regions. Our experiments demonstrate that both the spontaneous and the evoked release are more responsive to Ca2+ application in the proximal than in the distal regions of the frog neuromuscular junction.